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ABSTRACT Cadmium ranks close to lead and mercury as a metal of current toxicological concern. The present

study was aimed to investigate effects of cadmium on total protein, glycogen and lipid content of young

Indian major carp, Labeo rohita exposed to three sublethal cadmium concentrations for 15 days. Prelimi-

nary series of short-term static toxicity test were run to determine LC50 (96 hours) of cadmium in Labeo

rohita, which was 1.799 ppm. Therefore, cadmium concentrations tested was 0.5397 ppm, 1.0794 ppm,

and 1.799 ppm which correspond to 30%, 60% of LC50 and LC50 respectively. Control group was run

parallely. One way ANOVA was employed to find the effect of time on all the sublethal concentrations of

cadmium toxicity. MANOVA was employed to find the effect of concentration on time. In the control

group, there was significant increase in total protein, glycogen and lipid content (p<0.0001) as well, there

was significant interaction between concentration and time (p<0.0001). In the experimental group, total

protein, glycogen and lipid level declined significantly exposed to all the sublethal concentration in 5 days

time (p<0.0001). There was significant interaction between concentration and time on total protein in

fishes exposed to 30%, 60% of LC50 and LC50 concentration of cadmium (p<0.0001, p<0.025, p<0.05

respectively). Effect of concentration on time was observed at 30% and 60% of LC 50 in glycogen level

(p<0.005, p<0.05 respectively). Effect of time and concentration was found significant only at 30% of LC

50 (p<0.005) on lipid level. Our study finding demonstrates that sublethal toxicity of cadmium ranging

from 30% of LC50 to LC50 depletes the bio-molecules.
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Water pollution has focused the attention of both
scientific community and the public on environmental
problems(1).  Increased human activity by way of indus-
trialization has resulted in unusually a dramatic eco- physi-

ological stress on the aquatic environment.
Metals are elements found naturally in aquatic eco-

system due to various processes such as weathering and
erosion(2).The main source of metals to the aquatic envi-
ronment is from agricultural and industrial chemicals,
mine effluents and many other chemicals contaminants.
Most of the heavy metals, whether essential or other-
wise, are potentially toxic to living organisms above the
optimum levels mainly because, at such concentrations
they are known to function as enzyme inhibitors(3).

Cadmium is known to be an extremely toxic cu-
mulative poison and has been defined as a stock pollut-
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ant(4).  Cadmium is mainly used in electroplating indus-
tries, production of pigments and in the manufacture of
thermoplastic stabilizers.  Cadmium salts enter aquatic
environment by way of industrial discharge.

Fishes are generally very sensitive to cadmium poi-
soning.  For fish, the lethal concentration of cadmium in
water is known to range from 0.01 to 10 ppm depend-
ing on many factors(5).  In sufficient concentration cad-
mium may exert its toxic effects on fish by coagulating
external gill mucus causing anoxia and altered salt bal-
ance(6).  Earlier studies have also reported that the rate
of oxygen consumption decreases under pollutant stress
in the aquatic environment(7).  However no documented
toxic effect of cadmium is available on biochemical func-
tions of Labeo rohita, an Indian major carp.

In recent years, the emphasis on toxicity testing in
marine organisms has been moving towards sublethal
tests, as they can provide much more relevant informa-
tion in assessing the long-term effects of pollutants im-
posed on the ecosystem.  Thus the present study was
undertaken to investigate the effects of sublethal con-
centration of cadmium on the metabolic fuels in Labeo
rohita.

MATERIALS AND METHODS
This work was carried out in the Department of

Applied Zoology, Mangalore University after getting ap-
proval from the concerned ethical committee of the in-
stitution.

Fingerlings of Labeo rohita, ranging in size from
2.80 -3.20 cm were obtained from the Department of
Fisheries, Karkala and maintained in glass aquarium of
size 4.0 x 1.5 ft at Department of Applied Zoology,
Mangalore University.

The tap water, having dissolved oxygen content
ranging from 14.5 -15.0 ml/L; pH between 7.36 -7.78
was stored over night in large plastic buckets of 75 liters
capacity for experimental purpose.  Fingerlings (approxi-
mately of same size and weight) were acclimatized for 4
days in the aquarium containing the tap water pre-mea-
sured for dissolved oxygen (number of fishes maintained
was 80/100 liters of water).  The water was renewed
daily to avoid contamination with various metabolites
and pseudo-faeces.

All the acute tests were of short duration (96 hours)
and the test animals were not fed during the experimen-

tal period.  The chronic toxicity test carried out was for a
longer period (15 days) and these fingerlings were fed
only once in 24 hours.

The toxicant used was cadmium chloride (inorganic
salt of heavy metal).  Since Cadmium is fairly stable, its
solution was prepared once in 10 days.

Range finding test procedure:
Lethal concentration was arrived at by adopting

short term static bioassay technique recommended by
Spearman- Karber(8).  About 30 litres of the test medium
with concentration of cadmium varying form 0.1, 1, 5,
10 and 50 ppm, was taken in each of the five aquariums
(of size 2 ft x 1 ft) respectively.  Ten acclimatized fishes
were introduced in to each of the aquarium.  The water
was renewed after every 24 hours and mortality was re-
corded at every 12 hours intervals for 96 hours.

LC50 determination:
Ten acclimatized fingerlings were transferred into

6 separate aquaria, each containing 30 liters of test me-
dium having cadmium concentration ranging from 1.25
to 2.5 ppm.  These ranges were selected on the basis of
range finding test.  The cumulative mortality of fishes at
12 hours intervals (for 96 hours) was recorded in each
case.  The LC50 value was calculated using the method
of Spearman-Karber(8).  The control was run parallely.

Sublethal toxicity testing:
Sublethal toxicity tests were conducted in 6 finger-

lings of Labeo rohita exposed to concentrations of cad-
mium at LC50 value, at 30% and 60% of the LC50 value
for a period of 15 days for the estimation of biochemical
composition.  The control was run simultaneously.
Changes in the levels of protein, glycogen and lipid of
the fish body were recorded on 0 day, on day 5, on day
10 and on day 15.

Total protein estimation:
The total protein was estimated using Lowry’s

method(9).  The whole body of experimental fishes was
blot dried, weighed and homogenized with 0.1 N NaOH,
filtered and supernatant was taken to estimate total pro-
tein.  0.1m1 of homogenate was taken and diluted to 1
ml with 0.1N NaOH and 5ml reagent “C” (2% of Na2

CO3 in 0.1N NaOH and 0.5% CuSO4 at the ratio of
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50:1) was added to each tube, mixed thoroughly.  These
test tubes were kept aside for 10 minutes at room tem-
perature.  Then 0.5 ml of reagent “E” (Folins Cocalteuûs
reagent) was added, mixed and allowed to stand for 30
minutes at room temperature.  Then optical density read-
ings were taken at 620 nm.  A blank was taken using 1
ml of 0.1 N NaOH.

Total protein was estimated using the following for-
mula,

Conc. of std. OD of sample dilution
Total protein = x x x volume

OD of std. Vol.  of sample 1000

Total glycogen estimation:
The total glycogen was estimated using Sam-

Seifter,s method(10).  10% homogenate was made using
whole fish by heating with 30% KOH for 20 minutes.
The homogenate was cooled, filtered and diluted.  0.5
ml of sample was taken and diluted to 1 ml with distilled
water.  Then 4 ml.  of pre-cooled Anthrone reagent was
added to all the test tubes, placed in crushed ice.  After
mixing thoroughly, these test tubes were heated in boil-
ing water bath for 10 minutes.  After cooling, optical
density readings were recorded at 620nm.  A blank was
prepared by taking 1 ml of distilled water.

Conc.  of std. OD of sample dilution 1.0
Total Glycogen = x x x volume x

OD of std. Vol. of sample 1000 1.1

Total Lipid estimation:
The Lipid content was estimated using the method

of Folch et al(11).  The fishes were blot dried and weighed
accurately, kept 24 hours in an oven maintained at 100o

C and weighed again.  The difference between the fresh
fish and dried fish gave the water content.  The dried fish
was finely powdered in a mortor and pestle and homog-
enized using a mixture of chloroform methanol in the
ratio of 2:1.  About 10 ml of this solution was added
three times; each time removing the solvent mixture and
re- homogenized the residue.  The extract obtained in
each case was transferred into a separating funnel and
distilled water was added in the ratio of 1:5.  The mix-
ture was allowed to stand for 5-10 minutes, to form
diphasic system with Methanol - water in upper layer

and chloroform -lipid at lower level.  The chloroform
layer was removed to a pre-weighed beaker and evapo-
rated to dryness in an oven.  The lipid content was cal-
culated by taking the differences between the dried tis-
sue and lipid extracted dried material.

Statistical analyses
As the biochemical responses of the fishes were re-

peatedly measured on 4 occasions, the responses deter-
mined were not independent, therefore a MANOVA was
conducted.  The dependent variable was the biochemi-
cal responses on each of the four dates, and the treat-
ment was metal concentration.  Individual ANOVA were
used to identify the particular time intervals in which the
treatment effects were different.

RESULTS
Mortality rate of fish exposed to cadmium was in-

vestigated at the concentration of cadmium ranging from
0.1 ppm to 50 ppm.  100% mortality occurred within 2
hours of exposure to cadmium at the concentration of
5ppm.  The LC50 was found to be 1.799 ppm.  The
sublethal toxicity at 30% and 60% of LC50 were 0.5397
ppm and 1.0794 ppm respectively.

In the control group, protein content increased sig-
nificantly in all the three block periods (Table 1).  There
was significant interaction between protein concentra-
tion and time (Fig.1).  In the experimental group, there
was significant decline in protein content in all the three
block periods on exposure to all the sublethal concen-
trations of cadmium toxicity (ANOVA, p<0.0001, table
1).  This decline was highest during the I block period
compared to II and III block periods in all the sub-lethal
concentrations of cadmium toxicity (Table 2).  There
was significant interaction between all the sub-lethal con-
centrations of cadmium toxicity and time (Fig.1).  This
interaction between concentration and time was com-
paratively higher in fishes receiving 30% of LC50
(p<0.001 vs.  p<0.025 and p<0.05, fig. 1).

In the control group, glycogen content increased
significantly in all the three block periods (Table 3).
There was significant interaction between glycogen con-
centration and time (Fig. 2).  In the experimental group,
there was significant decline in glycogen content in all
the three block periods on exposure to all the sub-lethal
concentrations of cadmium toxicity (ANOVA, p<0.0001,
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Table 1 Effects of time and cadmium concentration on total protein content in Labeo rohita (Mean ± SD; n=6)

Concentration (ppm)
Duration Significance

control 30% of LC50 60% of -LC50 LC50

Day 0 19.07± 0.003 19.07± 0.003 19.07 ± 0.003 19.07 ±0.003 p<0.0001

I Block* 19.03± 0.003 16.88± 0.04 13.49 ± 0.04 12.55 ±0.03

II Block** 19.62± 0.01 16.17± 0.04 12.15 ± 0.007 10.12 ±0.02

III Block*** 20.06± 0.007 16.09± 0.007 11.51± 0.01 9.34 ±0.04

*Day 0-day 5, **day 5-day 10, ***day 10-day15.

Table 2 Comparison of total protein (Mean /Mean difference ± SD; n = 6) of Labeo rohita, before and after exposure to various sublethal concentra-

tions of cadmium for 15 days

Before experiment 19.076± 0.003
(protein content)

After experiment Protein content (mg/g  body weight at 30%, 60% of LC50 and LC50)

Duration 0.5397 ppm 1.079 ppm 1.799 ppm Control

I block* 2.19 ± 0.03 5.58 ± 0.03 6.53± 0.031 -0.215± 0.033

II Block** 0.71 ± 0.006 1.34 ± 0.03 2.43± 0.018 -0.327± 0.032

III Block*** 0.08 ± 0.034 0.64 ± 0.004 0.77± 0.023 -0.443± 0.003

*Day 0-day 5, **day 5-day 10, ***day 10-day15.

Fig. 1 Effect pf 15 days exposure to sublethal cadmium toxicity on total protein content in Labeo rohita.  Values are Mean±SD. Sample size in each

group = 6. Group A = control; B = 30% of LC50; Group C = 60% of LC50; Group D = LC50. Fisherûs value and p value for group A = 0.0003;

p<0.0001; For group B : F = 0.0049; p<0.001; For gorup C : F = 0.0431; p<0.0025; For group D; F = 0.0824; p<0.05 respectively.
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Table 3 Effects of time and cadmium concentration on glycogen content in Labeo rohita (Mean ± SD; n=6).

Concentration (ppm)
Duration Significance

control 30% of LC50 60% of LC50 LC50

Day 0 0.222 ±0.001 0.222 ±0.001 0.222 ±0.001 0.222 ±0.001 p<0.0001

I Block * 0.226 ±0.0008 0.179 ±0.001 0.135 ±0.002 0.087 ±0.002

II Block ** 0.229 ±0.003 0.177 ±0.001 0.115 ±0.001 0.073 ±0.001

III Block*** 0.232 ±0.003 0.152 ±0.001 0.069 ±0.002 0.030 ±0.003

*Day 0-day 5, **day5-day 10, ***day 10-day15.

Table 4 Comparison of glycogen (Mean /Mean difference ± SD; n = 6) of Labeo rohita, before and after exposure to various sublethal concentrations

of cadmium for 15 days.

Before experiment 0.2225±0.001
(Glycogen content)

After experiment Glycogen (mg/g body weight at 30%, 60% of LC50 and LC50)

Duration 0.5397 ppm 1.079 ppm 1.799 ppm- Control

I block * 0.0435 ±0.0005 0.049 ±0.09 0.135 ±0.0014 -0.0038 ±0.0007

II Block** 0.0015 ±0.0005 0.020 ±0.0005 0.013 ±0.0014 -0.0034 ±0.0029

III Block *** 0.025 ±0.0 0.045 ±0.0007 0.042 ±0.0018 -0.0066 ±0.0008

*Day 0-day 5, **day 5-day 10, ***day 10-day 15.

Fig. 2 Effect pf 15 days exposure to sublethal cadmium toxicity on glycogen content in Labeo rohita.  Values are Mean±SD. Sample size in each

group = 6. Group A = control; B = 30% of LC50; Group C = 60% of LC50; Group D = LC50. Fisherûs value and p value for group A : F = 0.0004;

p<0.0001; For group B : F = 0.018; p<0.005; For gorup C : F = 0.0143; p<0.05; For group D : F = 0.0324; p = NS respectively.
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table 4).  This decline was highest during the I block
period compared to II and III block periods in all the
sub-lethal concentrations of cadmium toxicity (Table 4).
There was significant interaction between 30% and 60%
of LC50 concentrations of cadmium toxicity and time
(Fig. 2).  This interaction between concentration and
time was comparatively higher in fishes receiving 30% of
LC50 (p<0.005 vs.  p<0.05).  Non-significant interac-
tion between LC50 concentration of cadmium toxicity
and duration of exposure on glycogen content was ob-
served (Fig. 2).

In the control group, lipid content increased sig-
nificantly in all the three block periods (Table 5).  There
was significant interaction between lipid concentration
and time (Fig.  3).  In the experimental group, there was
significant decline in lipid content in all the three block

periods on exposure to all the sub-lethal concentrations
of cadmium toxicity (ANOVA, p<0.0001, Table 6).  This
decline was highest during the I block period compared
to II and III block periods in all the sublethal concentra-
tions of cadmium toxicity (Table 4).  There was signifi-
cant interaction between 30% concentrations of cadmium
toxicity and time (Fig. 3).  Non-significant interaction
between 60% of LC50 and LC50 concentration of cad-
mium toxicity and duration of exposure on glycogen
content was observed (Fig. 3).

DISCUSSION
Labeo is a large essentially tropical genus of carps

distributed in Africa and East Indies.  About two dozens
of species are known in India, the most common being
Labeo rohita (Rohu) which occurs almost throughout

Table 5 Effects of time and cadmium concentration on lipid content in Labeo rohita (Mean ± SD; n = 6).

Concentration (ppm)
Duration Significance

control 30% of LC50 60% of LC50 LC50

Day 0 0.208 ±0.002 0.208 ±0.002 0.208 ±0.002 0.208 ±0.002 p<0.0001

I Block * 0.215 ±0.001 0.169 ±0.0008 0.124 ±0.002 0.077 ±0.002

II Block ** 0.221 ±0.001 0.165 ±0.003 0.104 ±0.002 0.063 ±0.001

III Block*** 0.222 ±0.002 0.142 ±0.001 0.059 ±0.002 0.022 ±0.001

*Day 0-day 5, **day 5-day 10, ***day 10-day15

Fig. 3 Effect pf 15 days exposure to sublethal cadmium toxicity on lipid content in Labeo rohita.  Values are Mean±SD. Sample size in each group =

6. Group A = control; Group B = 30% of LC50; Group C = 60% of LC50; Group D = LC50. Fisherûs value and p value for group A: F = 0.0008;

p<0.0001; For group B : F = 0.0018; p<0.005; For gorup C : F = 0.0158; p = NS; For group D : F = 0.359 respectively.
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India, Pakistan and Bangladesh(12).
In recent years, the rapid industrial growth along

with human activities has resulted in an increase in heavy
metal content, adding to their already existing quanti-
ties(13).  Therefore the introduction of alien substances
to the environment or an essential element in an unde-
sirable concentration may result in disruption of essen-
tial life processes or disruption of metabolic process.

Cadmium, strictly a poison having a serious effects
on the physiology of the organism concerned and is found
to be one of the non-essential heavy metal in the bio-
logical system.  Among fresh water biota, especially fishes,
which represent the highest trophic level in the aquatic
food chain, have proved to be very sensitive to cadmium
showing detrimental effects.  The present study reports
the cadmium sub-lethal toxicity on total protein, glyco-
gen and lipid content in the whole body of Labeo rohita.

Begin the discussion the results of the present study
demonstrated that sublethal cadmium toxicity cause sig-
nificant depletion in total protein, glycogen and lipid
content in labeo rohita.  In the present study animals
were exposed to 30%, 60% of LC50 and LC50 cadmium
toxicity for 15 days.  The estimation of bio-molecules
was done in 3 block periods, each block period compris-
ing of 5 days time.  The maximum depletion in total
protein, glycogen and lipid was observed in the I block
period itself.  Decline during this block period was sig-
nificantly greater in animals treated with higher suble-
thal concentration.  These findings suggest that total
protein, glycogen and lipid content depletes significantly
on exposure to cadmium toxicity ranging from 30% of
LC50 to LC50 concentration.

Table 6 Comparison of lipid (Mean /Mean difference ± SD; n = 6)) of Labeo rohita, before and after exposure to various sublethal concentrations of

cadmium for 15 days.

Before experiment 0.208± 0.0029
(Lipid content)

After experiment Lipid (mg/g body weight at 30%, 60% of LC50 and LC50)

Duration 0.5397 ppm 1.079 ppm 1.799 ppm Control

I block * 0.039±0.002 0.083± 0.003 0.130± 0.002 -0.007±0.002

II Block** 0.004±0.003 0.020± 0.002 0.014± 0.0008 -0.006±0.0004

III Block *** 0.023±0.002 0.045± 0.0004 0.041± 0.0004 0.004±0.001

*Day 0-day 5, **day5-day 10, ***day 10-day15.

The half-life of cadmium in the body is very long.
Thus the metal is prone to accumulation, and with con-
tinuous environmental exposure, tissue concentrations
of the metal may increase throughout life.  Keeping this
information in view, in the present study we investigated
the interaction between concentration and time of ex-
posure on total protein, glycogen and lipid content on
exposure to sublethal concentration of cadmium toxic-
ity ranging from 30% of LC50 to LC50 concentration
for 15 days.  The effect of treatment on bio-molecules
was measured four times during this period.  The
MANOVA test was employed to find the interaction
between concentration and time.  The study findings
demonstrate that there is significant interaction between
30%, 60% of LC50 and LC50 concentration of cadmium
toxicity on protein content.  However this interaction
was highly significant in animals treated with 30% of LC50
compared to 60% of LC50 and LC50.  Similarly highly
significant interaction between time and 30% of LC50
cadmium toxicity on glycogen and lipid content was
observed.  These findings demonstrate that the cumula-
tive toxic effect of sublethal cadmium concentration can
lead to severe depletion of fuel substrates.

Tissue protein is an energy source for fish for vari-
ous activities like swimming, spawning etc.  Proteins are
important bio- molecules involved in wide spectrum of
functioning(14).  The protein profile of the cell is an indi-
cation of the physiological status of an animal and these
exerts a dynamic equilibrium between the synthetic and
degradation pathways associated with the bio molecules.
In our study there was significant interaction between all
the sub lethal concentration and time unlike glycogen
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and lipid content.  This finding suggests that cumulative
toxic effect on protein is greater compared to glycogen
and lipid.  Anusha et al have reported depletion of pro-
tein in muscle and liver of Cirrhinus mrigala(15) follow-
ing exposure to aquatic pollutant such as quinolphos.
But to the best of our knowledge there are no well docu-
mented studies reporting cadmium induced toxicity on
bio-molecules in Labeo rohita.

Glycogen, also called animal starch, is the storage
form of carbohydrate found especially in liver(16).  Since
cadmium acts as an enzyme inhibitor it deranges the gly-
cogenesis.Cadmium usually inhibits enzyme activity by
forming mercaptides with sulphydril groups(3).  The
present study showed a significant decline in the glyco-
gen content due to cumulative effect of cadmium toxic-
ity exposed to 30% and 60% of LC50 concentrations.

Lipids are the energy rich bio-molecules stored in
two major tissues of the body, the adipose tissue and
liver(16).  The adipose tissue is usually called fat deposits
or simply tissue fat.  The results of the present study
shows that 30% of LC50 cadmium toxicity causes deple-
tion of lipid significantly unlike fishes treated with 60%
of LC50 and LC50 cadmium toxicity over a period of
time.  This finding suggests that cumulative toxic effect
of cadmium is higher at the sub lethal concentration of
30% of LC50 than 60% of LC50 and LC50.

The present study show that, significant decline in
the level of bio- molecules in the whole body when the
test fishes were exposed to various sub lethal concentra-
tions of cadmium toxicity as compared to significant in-
crease in the level of bio-molecules in the control fishes.
As Labeo rohita is one of the commonest Indian Major
Carp, used for eating purposes leads to the transfer of
toxicant to the human body where it may undergo bio-
magnification and leads to the derangement of human
health.  Thus the low effects are to be detected and traced
to their source before irreparable damage has occurred.
Hence it is imperative to maintain the standard qualities
of water bodies to get better and healthier, pollutant free
yield involving aqua culture.


